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Abstract: To measure the rheological properties of nanohybrid resin composite of 3 shades 
in pre-polymerized phase using different thermomechanical stimulations. Nanohybrid 
composite (Kerr Herculite XRV Ultra) in enamel, dentin and incisal shades were included. 
Rheological measurements were made with a rotational rheometer in dynamic oscillation 
mode using 3 methods: a) Strain sweep test explored a range of deformation γ0 from 0.025% 
to 3% with a frequency ω = 1Hz (temperature set at 25 and 65°C), b) Frequency Sweep test 
explored frequencies between 1 and 100 rad/s applying a deformation γ0 = 0,5% 
(temperature set at 25; 45; 65°C) and c) Ramp temperature test explored a heating phase 
from 25°C to 75°C then a cooling phase back to 25°C applying a γ0 = 0,5% and a ω = 
10rad/s. Data were analyzed using 3-way ANOVA and Tukey`s test (alpha=0.05). Viscosity 
measurement (p<0.05) and shade of the composites (p<0.05) significantly affected the 
results. Viscosity turned out to be subordinate to strain amplitude, frequency, temperature 
and axial force applied during each test. Enamel shade was the most viscous whereas dentin 
shade was 8% less viscous (p<0.05). The incisal shade was significantly less viscous (70%) 
than enamel (p<0.05). Pre-heating decreased viscosity of incisal shade (30%) above 50°C 
but this value was 90% and 98% respectively for strain and frequency sweep test. Preheating 
had a side effect as in the cooling phase, viscosity increased from 66 to 450% exceeding the 
value recorded at the beginning of the test. Preheating was not effective to reduce viscosity, 
and may reveal some side effects. The composite tested might not be pre-heated above 
45°C.  
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Introduction 
Resin composites (hereon: composites) are the most commonly used restorative material in 
reconstructive dentistry, as they replaced the traditional restorative material, amalgam, 
surpassing it for both aesthethic and functional properties. The consistency is one of the most 
important features in a composite since it highly affects its manipulation [1].  
 Currently available composites show great difference in consistency dictated by the size 
and shape of the inorganic filler and properties of the resin matrix [2-7]. Composites are 
viscoelastic materials having both viscous properties such as oils and elastic properties such 
as ceramics [8-10]. Viscosity is an intrinsic feature that describes the resistance opposed by 
the material to an imposed flow motion. This feature influences the handling properties of the 
composite, quality of the final restoration and the time needed to build up [1,3,8,11-13].  
 Researchers studied some methods to reduce the viscosity of composites in order to make 
them easier to use in restorative dentistry or make them suitable for adhesive cementation 
procedures. Pre-heating the composite is by far the most adopted method to achieve this 
target. This procedure may also improve degree of conversion, marginal adaptation and at 
the same time reduces microleakage [14-16].  
 Various methods have been employed to measure the dynamic viscoelastic properties of 
composites such as rotational rheometer, press method or dynamic oscillatory rheometer and 
more recently the use of vertical oscillation rheometer was proposed.  
 The objectives of this study therefore were to measure the rheological properties of three 
shades of nanohybrid composite in pre-polymerized phase at different thermo-mechanical 
stimulations using a rotational rheometer in dynamic oscillation mode. The null hypotheses 
tested were that a) there would be no difference in the viscosity among different shades of 
the same composite and b) different thermo-mechanical stimulation methods would not affect 
the rheology of the composite tested. 
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Materials and Methods 
The brands, chemical compositions, manufacturers of the materials used in this study are 
listed in Table 1.  
Specimen preparation  
Enamel, dentin and incisal shades of nanohybrid composite (Kerr Herculite XRV Ultra, 
Bioggio, Swizerland) were selected for the study. The specimens were obtained extruding 28 
mm length of composite from the tube, manipulated with a stainless steel spatula and placed 
between the plates of the rheometer (Fig. 1). A rotational rheometer was used for the study 
(Ares G2, TA Instruments, New Castle, UK) applying shear stresses in dynamic oscillation 
mode with a parallel plate configuration (25 mm diameter) (Fig. 2). Each specimen was 
prepared immediately before the execution of the test and was intended for single use only. 
After composite was placed on the lower plate of the rheometer, the upper plate was moved 
downward to adjust the gap to a thickness of 1.3 mm. Excess composite present around the 
circumference of the plate was removed prior to the measurements. 
Viscosity measurement methods 
Strain Sweep: This test has been performed at two different temperatures (25 and 65°C). The 
rheometer was set at specific temperature exploring deformation γ0 from 0.025% to 3% with a 
frequency of ω = 1Hz. The distance between the two plates was kept standard at 1.3 mm.  
Frequency Sweep: This test has been performed at three different temperatures (25-45-
65°C). The rheometer was set at specific temperature with a deformation of γ0 = 0.5%, 
exploring frequencies between 1 and 100 rad/s. The distance between the two plates was 
kept standard at 1.3 mm.  
Ramp Temperature: In this method, the rheometer was set at frequency ω = 10 rad/s, 
deformation γ0 = 0.5 %, by heating the specimen from 25 to 75°C (5°C/min) and then cooing 
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down to 25°C. The test has been executed at an axial force of 1 to 4 N, increased from 5 to 8 
N and maintained at this magnitude of force during the experiments. 
 The difference between shear stress and shear strain allowed the calculation of the complex 
viscosity of the specimen: 
!∗=1/# ∙ $0/%0 
Where η* is the complex viscosity, ω is the frequency, τ0 is the shear stress and γ0 is the 
shear strain. 
All these tests have been performed in a light filtered room in order not to avoid the early 
polymerization of the specimens. All measurements were repeated for 3 times.  
Statistical analysis 
All statistical procedures were performed using the Statistical Package for Medical Science 
(SPSS 21.00 for Windows software, SPSS Inc., Chicago, IL, USA). Mean viscosity values 
were analyzed using 3-way ANOVA and Tukey`s test test based on the 3 shades and 3 
viscosity measurement method parameters (alpha=0.05).  P values less than 0.05 were 
considered to be statistically significant in all tests.  
 
Results 
Viscosity measurement (p<0.05) and shade of the composites (p<0.05) significantly affected 
the results. Interactions terms were also significant  (p<0.05). 
Enamel and dentin shades showed comparable values in viscosity (p>0.05). The incisal 
shade was significantly less viscous (nearly 70%) than enamel (p<0.05).  
 Strain sweep test showed a reduction in viscosity while increasing the deformation. A very 
similar behavior was observed for enamel and dentin shades (lower viscosity for 65°C than 
25°C), while incisal shade showed a tendency to become more viscous at 65 than 25°C for 
deformations γ0>0.3% (Fig. 3). 
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 With Frequency Sweep test all the shades showed a reduction in viscosity while increasing 
the frequency. Temperature affected the results as well; the higher the temperature was, the 
lower the viscosity. This effect was not observed for the incisal shade, that showed higher 
viscosity at 65°C than at 45°C (Fig. 4). 
 Ramp Temperature test showed a progressive reduction of the complex viscosity of all 
shades heating from 25 to 45°C (from 29 to 48%) but this trend was maintained up to 75°C 
for enamel and dentin shades. With this method, incisal shade revealed an opposite trend 
and started increasing its viscosity above 50°C (Fig 5). This test showed also that the 
stronger the axial force was, the higher the viscosity results (Fig. 6). Ramp Temperature test 
also revealed that during the cooling phase, all three shades showed a dramatic and 
progressive increase in their viscosity. This trend continued far above the values detected at 
the beginning of the tests from 66 to 450%. 
 
Discussion 
This study was undertaken in order to measure the rheological properties of three shades of 
nano-hybrid composite in pre-polymerized phase at different thermo-mechanical stimulations 
using a rotational rheometer in dynamic oscillation mode. Based on the results of this study, 
the null hypothesis tested that there would be no difference in the viscosity among different 
shades of the same composite tested could rejected. Likewise, since thermo-mechanical 
stimulation methods affected the results, the second hypothesis could also be rejected. 
The three different shades of the tested nano-composite in this study, demonstrated 
different viscosity levels being particularly different for the incisal shade. Temperatures above 
50°C presented unexpected behavior in the rheological properties of this shade. In general, 
viscosity secondarily affected by the strain amplitude, frequency, temperature and the axial 
force applied during each test. Accordingly, ramp temperature test showed that 95% 
(average) of total reduction of viscosity (30% average) could be reached already at 45°C. 
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Surprisingly, the viscosity increases considerably during the cooling phase omitting the 
advantage obtained from pre-heating. 
From clinical perspective, there is remarkable limitation of pre-heating the composite since 
after this procedure it is impossible to avoid the cooling of composite from extraction out of 
the tube until application in the cavity intraorally. Nevertheless, Strain Sweep and Frequency 
Sweep tests showed an average reduction of viscosity of more than 90 to 98%, respectively 
for the composite tested. 
Numerous studies focused on the mechanical properties of photo-polymerized composites 
but limited number of studies has dealt with the rheological properties of unpolymerized 
composites. In fact, filler shape and size, resin matrix composition and interactions between 
them affect handling properties of composites including viscosity that may consequently 
affect their polymerization [2-7]. 
 
Especially during layering, when several shades of composites are used, shade, 
translucency, or opacity of the resin composite after polymerization show significant effect on 
the final result [18]. For this reason, to simplify the procedure, only shade A2 of the same 
brand of nano-hybrid composite was used. Filler shape strongly affects the color of composite 
resins, and other filler properties such as filler particle size and filler content exert significant 
influences on the refractive index of resin composites [19,20]. According to the manufacturer 
of the nano-hybrid composite used in this study, all enamel, dentin and incisal shades were 
composed of 20-50 nm size silica nanofillers and 0.6 µm Barium fillers. While resin matrices 
such as bisphenol-A-glycidyl methacrylate (bis-GMA), urethane dimethacrylate (UDMA), 10-
methacryloyloxydecyl dihydrogen phosphate (MDP), triethyleneglycol dimethacrylate 
(TEGDMA), 2-hydroxyethyl methacrylate (HEMA) contribute little, it is typically the inorganic 
filler component (barium, yttrium, ytterbium, zinc, aluminium, strontium, and zirconium) that 
contributes most to the refractive index and radiopacity of the resin-based materials [21]. 
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Since both the matrix and the barium filler amount were similar in the tested material, the 
variation in the results between incisal and dentin shades in viscosity results seem to be 
influenced highly by the amount of titanium dioxide (TiO2) and the pigments in the tested 
material. Unfortunately, exact amounts were not provided in material safety sheets. Typically, 
dry TiO2 is added to the composite matrix or TiO2 is milled into a “resin” to make a liquid 
TiO2dispersion to be added in order to achieve a consistent shade of the resin composite 
[22]. The two methods of pigment addition can yield to differences in processing time, 
consistency, matrix viscosity, flow and leveling, and polymerization time. Matrix viscosity and 
thixotropy also influence flow, uniformity, size distribution, moisture, and gel time of the resin 
matrix. In addition, the type and particle size of the TiO2 and the chemistry of the resin the 
pigment that is dispersed in, can impact viscosity. Thus, further investigations are needed on 
the type of TiO2 addition method to obtain the A2 shade for dentin and incisal composites in 
order to verify its effect on the rheological properties of resin composites.  
Future studies should also focus on importance of degree of polymerization and shrinkage-
stress behaviour after different pre-heating conditions also considering the shade effect. 
 
Conclusions 
From this study, the following could be concluded: 
1. Viscosity of resin composites after pre-heating varied depending on the shade of the resin 
composite. 
2. Viscosity testing methods showed different viscosity levels of the composites tested. 
3. Increasing the temperature during pre-heating up to 70°C decreases the viscosity of 
enamel and dentin shades of the nano-composite tested but the incisal shade above 45°C 
show increase in viscosity. 
4. Preheating and subsequent cooling of the composite increased the viscosity for all the 
shades of composite. 
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Clinical Relevance 
Pre-heating nano-composite resin up to 45°C is sufficient to decrease viscosity of enamel 
and dentin shade of the nano-composite tested but the incisal shade did not benefit from pre-
heating.  
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Captions to figures: 
Tables: 
Table 1. The brands, chemical compositions, manufacturers of the materials used in this 
study.  
 
Figures:  
Fig. 1 Nanohybrid composite extruded from the tube at standard length. 
Fig. 2 The rotational rheometer used in this study applying shear stresses in dynamic 
oscillation mode. 
Fig. 3 The viscosity of incisal shade of the nanocomposite using Strain Sweep test. 
Fig. 4 The mean viscosity of enamel, dentin and incisal shades of the nanocomposite using 
Strain Sweep test at 25, 45 and 65°C. 
Fig. 5 The mean viscosity of enamel, dentin and incisal shades of the nanocomposite using 
Ramp Temperature test 
Fig. 6 Effects of the axial force in Ramp Temperature test for enamel, dentin and incisal 
shades of the nanocomposite. 
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Tables: 
 
 
 
Brand Chemical Composition Manufacturer Batch Number  
XRV Enamel (A2) bis-GMA, TEGDMA, 
prepolymerized fillers, silica 
nanofiller (20-50 nm nanoparticles), 
Barium submicron fillers (0.6 µm 
average size), titanium dioxide 
(TiO2) and pigments 
Kerr, Bioggio, Switzerland 3302434 
XRV Dentin (A2) bis-GMA, TEGDMA, 
prepolymerized fillers, silica 
nanofiller (20-50 nm nanoparticles), 
Barium submicron fillers (0.6 µm 
average size), titanium dioxide 
(TiO2) and pigments 
Kerr 3302475 
XRV Incisal (A2) bis-GMA, TEGDMA, 
prepolymerized fillers, silica 
nanofiller (20-50 nm nanoparticles), 
Barium submicron fillers (0.6 µm 
average size), titanium dioxide 
(TiO2) and pigments 
Kerr 3302413 
 
Table 1. The brands, chemical compositions, manufacturers of the materials used in this study.  
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